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ABSTRACT 
 Part body component of a car is the finished product component  that is mainly 
produced by the big press machine. In the production process of part body component of a 
car in the stamping plant division, the manual task is performed by two operators to feeding  
the material sheet into the big press machine simultaneously. After the knobs were pressed 
together, the big press machine started to stamp the material sheet and the outcoming product 
is taken by the next operator. This task is performed repeatedly until it is the last one.  
Manual and comprehensive task that combined with speed in operating the big press machine 
cause who muscular tension which at the end could cause muscular complaints and premature 
fatigue, that could decrease production and productivity.  
 The current study of ergonomic intervention on stamping process of part body 
component of car was conducted in order to determine whether ergonomic intervention could 
improve the work quality, satisfaction and time efficiency in the stamping process. 
 The subjects of study were 10 persons that were taken randomly. It was designed 
experimentally with treatment by subject design.  The method of data collection was by 
questionnaire distribution and direct measurement of subject’s condition, time of stamping 
process and work environment before and after intervention. The Shapiro Wilk test showed 
that all of the data had normal distribution and was followed by t-paired for data of work 
quality, work satisfaction, time efficiency, and the environment data. The significance level is 
set at  5%. 
 The research result showed that work quality was improved (muscular complaints was 
decreased by 6,65%, fatigue was decreased by 5,47% and work boredom was decreased by 
5,87%), work satisfaction was improved up to 6,43%, time efficiency of stamping process 
was improved up to 10,7%, the production was improved up to 2,59% and productivity was 
improved up to 32,65% as well as company’s profit was increased up to 3,95%. 
 Hence, the study concludes that ergonomic intervention in the production process of 
part body component of car in the stamping plant division could improve work quality, work 
satisfaction and time efficiency. 
 
Keyword: ergonomic intervention, redesign of pushing knob, work quality, work satisfaction    
and time efficiency. 
 
 
 
INTRODUCTION 
The industrial development has grown fast along with the improvement of technology 
and market competition. Industry becomes the main supportive element in the country in 
supporting the development. Therefore, healthy, vigorous and productive human resources is 
needed that could improve the welfare and ability to compete in the free trade competition.  
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 In the free trade era, the tight competition, people’s complexity and fast change are 
challenges the problem of  especially in the industrial world. The emerging problems and 
demand are too complex,  must be solved with systemic and holistic approach and using 
various disciplines. In facing the competition, management ability and individual quality 
should be improved and should have added-value and should be ready in changing the 
mindset, work culture and organizational structure 1,2. 
 Competitive capacity could be improved when the human resources is tough, ready to 
work hard, be collaborative and work according to the smart principle (specific, measurable, 
achievable, realistic and time frame). A very serious attention along with distinct and direct 
action is needed as an empowerment process;  by so doing optimum work performance is 
achieved and the knowledge should be continually developed/improved 2,3.. 
 One of the growing industries in Indonesia PT X that is involved in automotive, 
financial service, agribusiness and heavy duty equipment business. PT. ADM is included as 
one of the PT X group 4. The production capacity of PT ADM in the year of 2005 was 10.000 
cars per month.  The production is increasing continuesly based on market demand 4.  
 There are four divisions of production process of car in PT ADM, i.e, stamping plant 
(part body component stamping), casting plant (automobile machine block foundry), engine 
plant (automobile machine manufacture) and assy plant (automobile machine assembly). Of 
the four production divisions processes, the stamping plant division is predominantly  
involved with manual labor. 
 The production process output of the stamping plant is automobile part body 
component. Automobile part body component is the finished part that is mostly procuced by 
big press machine. Production process of automobile part body component at the stamping 
plant is dominated by manual job and this means that human factor has an important role in 
the production process 6,7.. Manual tasks may lead to a work accident and could cause an 
occupational disease 8,9. 
 In the production process of automobile part body component, the operators a workers 
are involved  in taking, lifting and putting the metal material sheets into big press machine 
repetitively. Using arms and hands involved in repetitive manual tasks continuously and 
combined with work speed in using the industrial equipment many cause muscle tension that 
could produce the muscular complaints and premature fatigue 10. 
 One of the our protection efforts for the operators from the risk factor in working is by 
improvement of work condition through ergonomic intervention. The ergonomic principle 
was applied specifically through application of total ergonomic approach. The total 
ergonomic approach was conducted integratedly, by  combining the SHIP (Systemic, 
Holistic, Interdiscipler and Partisipatory) approach and Appropriate Technology11. 
 Based on the principle of fitting the task to the man, a harmony between human, 
product, machine/work tool, work method and work environment suitable with ability, skill 
and limitedness of human will create an optimum product quality 12,13,14. In order to create a 
healthy, safety, comfortable and efficient working condition and environment as well as a 
high productivity, a functional maximal and optimal utilization of human body is required15. 
 Problem identification based on 8 ergonomic problems in 2 A Line showed that 
nutritional intake while working was not yet optimally implemented. 73,3% of operators 
reported thirsty after working and their weight was declined 0,71 kg after work. The 
utilization of muscle power,of the  upper part of the body was not in natural position for the 
task assigned; while the task were repetitivly  and monotonous with taking, lifting and 
put/throw the material sheet with weight of 4-8 kg. The work position was not changed as leg 
and foot supported the body statically and it was done by standing for a long time. The 
temperature of environment condition was 31,5 C – 33 C, relative humidity (Rh) was 56 %, 
and noise was 97.5 dBA. The schedule of short break or active break time have not been 
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implemented. The social condition of operator was not yet optimum as there was a lack of 
opportunity for social interaction among colleagues. The information condition was not well 
arranged and interaction of human-machine/tool was occurred when pushing the push–button 
knob that was located behind the operator’s body. These data was strengthened by  secondary 
data of PT ADM clinic which reported that musculoskeletal disordes of operator who seek for 
treatment in the clinic had highest rank. Indeed, the above eight ergonomic problems need a 
holistic evaluation 16. 
 It is suspected that boredom that felt by operator in the stamping plant division was 
caused by monotonous and repetitive tasks. If this condition could not be solved, this could 
bring negative impact on the work quality and work satisfaction. In addition, time efficiency 
was not optimal as the impact from musculoskeletal complaint and fatigue.  
 Therefore, current study was conducted to determine the contribution of ergonomic 
intervention toward operator’s work performance in the division of satmping plant of PT. 
ADM Jakarta. It is  expected that the bad work body posture and the static/continuous muscle 
contraction could be corrected;  by so doing the work quality,  life quality, and the work 
productivity could be improved. 
 
MATERIALS AND METHODS 
 The study was an experimental one, that used treatment by subject design. It was held 
at 2A Line of Stamping Plant Division in PT. ADM in Jakarta on March–April 2008. The 
sample was 10 persons who were randomly chosen from the big machine operators. 
 The research object was a push button at 2A Line at Stamping Plant division in PT. 
ADM in Jakarta. The object was redesigned because its position was not appropriate and its 
size did not fit with operator’s anthropometric. The redesigning was followed by changing 
operator’s work position on dies shifting, arranging active break time and adding nutrition 
intake. The shape and dimension of the former push button (the old one ) was rectangular 
with length size of 500 mm, width was 140 mm, thickness was 100 mm and height was 
adjustable (figure 2). The modified push button (the new one ) was U-shape, inner length was 
610 mm and outer length was 810 mm, width was 200 mm as well as 100 mm, thickness was 
85 mm and the height was adjustable. The other redesigning change was in the position of 
emergency stop button (figure 1). On button the old one, the emergency stop button was 
located in the middle while on the new one, it was located in the right side just behind the 
push button. 
 
 
       
                                                                                                
 
 
 
                            
         
       
 
 
 
 
 
Figure 1. The New One (After Redesign)              Figure 2.  The Old One (Before Redesign)                   
Position of  
emergency stop  Position of  
emergency stop 
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The chosen sample worked as used to (before applying ergonomic intervention) and 
worked with ergonomic intervention. Work quality was assessed based on the work load 
(resting heart rate, working heart rate), musculoskeletal complaints (Nordic Body Map 
questionnaire), fatigue (Scale Rating Questionnaire of 30 items), and work boredom (work 
boredom questionnaire). Work satisfaction was rated by using 20 items of Minnesota 
Satisfaction Questionnaire (MSQ) and the time efficiency was a comparison of process time 
to produce one part body component between before and after applying ergonomic 
intervention that was counted using stop–watch. Work environment conditions were recorded 
in terms of noise with sound level meter, temperature with WBGT–meter, relative humidity 
with WBGT- meter, and illumination intensity with lux meter. The collected data was tested 
it’s normality by using Shapiro Wilk analysis and t-paired test for data of quality, work 
satisfaction and time efficiency, while for environment data was analysed by using t-group 
with significance level of 5%. 
 
RESULTS  
Subject  Characteristic 
 Subject characteristic of the study is presented in Table 1. At their age average, a 
person has optimum muscular and physical strength capacity to work. Indeed, they are in the 
category of productive age that supported the study. Body height and weight was measured to 
rate the BMI (Body Mass Index) in order to determine the energy balance between energy of 
nutrition intake body and the expended energy. 
 Operators were in healthy condition to do their physical work as their average blood 
pressure were in normal condition. Person’s physical fitness level can be shown with his 
resting heart rate. 
 
Table 1. Operator Data at 2A Line of Stamping Plant Division 
PT ADM Jakarta (n = 10) 
 
No Parameter Average  +  SB 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
 8. 
9. 
10. 
Age (year) 
Systolic Blood Pressure (mmHg) 
Dyastolic Blood Pressure (mmHg) 
Resting Heart Rate (bpm) 
Body Weight (kg) 
Body Height (cm) 
Hip + Wrist Width (cm) 
Standing Elbow Height (cm) 
Body Mass Index (BMI) 
Work Experience (years) 
21.9    +    2.23 
107.0  +    6.75 
68.0    +    6.32 
78.0    +   11.43 
58.6    +    4.62 
171.7  +    4.43 
47.25  +   2.03 
106.3  +   3.29 
19.88  +   1.52 
 1.83   +   1.61 
 
 Operators’ average of resting  arterial pulse were normal that indicating their healthy 
condition. Their work experience indicated that they had sufficient competence. 
 
Operator’s Work Condition before and after Ergonomic Intervention 
 Measurement result on operator’s work condition without and with ergonomic 
intervention and its economic analysis was shown in Table 2. 
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        Table2. Working Heart Rate, Working Pulse, Work Boredom, Fatigue, Musculoskeletal  
                    Complaints, Work Satisfaction, Eficiency of time And Economic Analysis 
 
Before After  
No. 
 
Parameter Mean  +  SD  Mean +  SD  
 
t 
 
p 
1 
2 
3 
4 
5 
6 
7 
8 
 
Working  Heart Rate (bpm) 
Working Pulse (bpm)      
Work Boredom 
Fatigue   
Musculoskeletal Complaints 
Work Satisfaction  
Process Time (minute) 
a. Productivity 
b. Profit (Rp) 
c. BCR 
96.98   +    8.68 
19.92   +     5.70 
60.30    ±   4.03 
  5.35    ±   2.99 
  5.65   ±   3.84 
56.60    ±   4.83 
  2.17    ±   0.12 
0.0291  ± 0.0001 
196.769.300.00 
1.524 
94.15   +   6.86 
15.45   +   6.94 
55.00   ±   7.26 
  3.10   ±   1.59 
  3.30   ±   3.13  
61.60   ±   7.86 
  1.96   ±   0.09 
0.0386 ± 0.00035 
204.538.233.40 
1.535 
  1.96 
  2.11 
  2.17 
  2.334 
  2.330 
 -3.00 
10.33 
 3.00 
    
0.08 
0.06 
0.02 
0.044 
0.045 
0.01 
0.00 
0.00 
 
 As shown in Table 2, the average of working heart rate and working pulse there was 
no significant difference before and after intervention (p>0,05). However, the average of 
work boredom score, average of fatique score differences, musculoskeletal complaints score 
differences, work satisfaction score, process time differences and productivity before and 
after intervention was significantly different (p<0,05). 
 
Operator’s Environment Condition Before and After Ergonomic Intervention 
 The operator’s environmental  condition without and with ergonomic intervention in 
the study is presented in Table 3. 
             
                   Table 3. Work Environment Conditions at 2A Line of  Stamping Plant Division  
                                  in PT ADM Jakarta 
Before  After t p  
Parameter Mean +   SD Mean +   SD   
Noise (dBA) 99.72     +      4.18 100.84    +      2.24 -0.42 0.71 
WBGT (°C) 26.19     +      0.48   27.11    +      0.47 -8.72 0.00 
Air Temperature  (°C) 28.68     +      0.52   30.80    +     0.69 -4.46 0.02 
Relative Humidity (°C) 68.48     +      2.36   59.28    +     4.33 3.27 0.04 
Illumination  (lux) 195.30   +     39.30 271.27    +    31.47 -3.83 0.03 
 
 As shown in Table 3, the average of noise before and after intervention was not 
significantly different (p>0,05). However, the average of WBGT, air temperature, relative 
humidity and illumination before and after intervention was significantly different (p<0,05).  
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Table 4. Contribution of Work Environment to NBM, Fatigue, 
Work Boredom, Work   Satisfaction and Processing Time 
at 2A Line of Stamping Plant Division  in PT ADM Jakarta 
 
Parameter R2 Value 
NBM 0,126 
Fatigue  0,030 
Work Boredom 0,331 
Work Satisfaction 0,272 
  
 The regression analysis showed that work environment contributed to the NBM 
respectively with 12,6%, fatigue was 3%, work boredom was 33,1% and work satisfaction 
was 27,2%. 
 
DISCUSSION 
Operator Characteristics 
 The average of operators’ age was in the category of productive age 17. The average of 
body height and body weight was measured to calculate the BMI (Body Mass Index) to 
determine energy balance between energy of nutrition intake into the body and the 
outwarding energy 18,19,20. Operators were in healthy condition to do physical work activity 
because their blood pressure was in normal average 21,22. The physical health level of a person 
could be indicated by resting heart rate and the result of the study showed that operator’s 
resting heart rate was in normal level. This means that the operators were in healthy 
condition. Work experience is one of the manifestation factors from mastering skill, ability 
and familiarity with work condition. Operators in the study had more than one year of work 
experience. Therefore, they had sufficient experience, skill and mastery on  operating the big 
press machine either using the former push button  or the modified push button. 
 
The effects of Ergonomic Intervention 
 By redesigning the push button changing the work posture that previously was not in-
natural position. The operator’s upper extremity position was in abduction position, away 
from the body with fore-arm and back-arm make a 111° angle (Figure 4). Such position of 
operator’s upper extremity will overload the joint and the muscle of the fore-arm which then 
created a premature fatigue and injured the musculoskeletal system when this occurred for a 
longger duration. After using the new design, operator’s upper extremity posture was in-
natural position, because the redesigned push button is located just in the left and right side of 
the operator’s body. The change permits the fore-arm and back-arm make a wider angle, i.e. 
151° (Figure 3) or nearly parallel with body axis. Indeed, this posture reduced the load on the 
shoulder joint and the muscles while operating the redesigned push button. 
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Figure 3. Work Position with  the new one      Figure 4. Work Position with the old one 
 
 The emergency stop button was positioned at the bottom right side of the push button 
because most of the operators were using their right hand (right handed). This improvement 
had significantly reduced the musculoskeletal complaints, fatigue and work boredom 
(p<0,05), hence, it means that the work quality was improved. This result was followed by 
reduction of musculoskeletal complaint of 6,65%, fatique of 5,47% and work boredom of 
5,87% which also supported by secondary data that was coming from the clinic in PT. ADM 
that reported 80% reduction of complaints on musculoskeletal disorder (myalgia) among the 
operators who visited the clinic.   
It is in compliance with the previous study 23 which stated that the usage of hand 
wheel with vertical handle    on pressing tool of coconut grating machine could reduce the 
musculoskeletal complaints until 23,22%. In addition, other previous study also 24 mentioned 
that procedure improvement on lifting loading was reduced the musculoskeletal disorder until 
36.60% of workers in PT. SR Blahbatuh Gianyar. A study 25 found that applying total 
ergonomic intervention to the work system of ceramic painting process in Kasongan ceramic 
industries reduced the boredom level until 18.12%. 
 However, operator’s work load (working heart rate and working pulse) is used as 
indicator of person’s physical load or the work load that related with cardiovascular system 
that is not significantly different (p>0.05). Working heart rate and working pulse in the study 
is  considered as light work load 26. It is  predicted that such condition originated from the 
light category of the work load and work mechanism before and after intervention was the 
same from the fact that manual tasks was improved and yet machinal tasks was still the same. 
 Musculoskeletal complaints, fatigue and work boredom was reduced because of the 
new work system (using modified push button), besides the push button was improved, 
ergonomic interventon was also applied by : (1) arranging work position.  Arranging 
operator’s work position during work time has carried out by balancing work load between 
the left and the right body side. For example, when starting to work with the push button, the 
operator was in the right position and when changing dies the operator was moved to  the left 
position. Work position management could reduced musculoskeletal complaints and fatigue,  
could reduced the boredom among the workers; and (2) arranging work organization. 
Arranging work organization influenced operator’s work. Arranging work organization was 
carried out by changing dies in active break time for 5 minutes because changing dies was 
carried out by other operator. Active break time was used to have a break (drinking and 
eating snack) that prepared by the company. Indeed, by activity changing reduced the 
boredom, it is particularly true , for long duration working time. 
 This result was in accordance with a study that stated that adding active short break 
and Balinese pop song could reduced the muscular complaint and boredom as well as 
increase work productivity27. 
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 The operator at Line 2A of Stamping Plant division in PT. ADM Jakarta had exposed 
to good experience which was manifested by an improvement on work satisfaction while  
working with modified push button. The such modified push button has decreased the 
musculoskeletal complaint and fatique and finally influenced the work satisfaction. 
 Ergonomic intervention that used total approach permits all operators to participate in 
the process of push button redesigning. Thus, the opportunity had a great influence toward 
operator’s satisfaction. 
 
The Work Environment Conditions 
 The work environment condition that was considered in the study was noise intensity, 
WBGT, air temperature, relative humidity, ball temperature and lighting. 
 The result of the study showed that there was no significant difference on noise during 
working with the old and the new design  push button (p>0,05). Consequently, ear protection 
program was implemented by using ear plug that coud reduce the noise at about 25 dBA. 
 WBGT measurement result during work (before ) and (after redesigning  push button) 
showed that work activity in the study was considered as light. Therefore, WBGT in the 
working place was still in the border line as operators had light work load activity for 8 
working hours. 
 The measurement result of air temperature, humidity (before) and (after intervention) 
was in tolerated category. Accordingly, job in the light work category was in the air 
temperature between 33 °C until 35 °C and moderate work category had air temperature 
range between 29 °C until 31 °C28.  Air temperature during working with former push button 
and modified push button was still in the tolerant level that could be accepted by operators 
without experiencing health complaint. As it is generally accepted Indonesian are able to 
acclimatize  well in the air temperature between 29-30 °C with air humidity between 85-95% 
29.  
 Measurement result of illumination level (before) and (after intervention) was in a 
good of previous researcher category. According to the statement stated that the minimal 
illumination needed to carry tasks well is about 200 lux so that environmental condition of 
illumination in the former push button and modified push button was considered in good 
category 30. 
 Some work environmental parameters in the study had significant statistical different 
and this will influence the result of the study. The regression analysis found that work 
environment contributed to the result of NBM 12,6%, fatigue 3.0%, work boredom 33.1% 
and work satisfaction 27,2%. With such contribution to the study result, the reduction was 
related to design factor on musculosceletal complaints 6,65%, on fatique reduction 5,47% , 
on work boredom reduction 5,87% and work satsifaction was increased up to 6,43%. 
 Such results were evoked by the fact that before intervention applied was in rainy 
season (March) and during intervention was in dry season (April). The season difference 
could not be controlled for its natural condition so that work environment had contribution 
toward the study result. 
 
Production Output and Productivity 
 The product produced by PT. ADM Jakarta was part body component that was a 
work-in-process item. The study being examined was chasis with serial W 1032 of 
dimensions: length = 1830 mm; width = 340 mm; thickness = 1.4 mm and weight = 6.837 kg. 
 Operator’s work productivity in the study was seen from the length time of 1 (one) 
part body component, starting from putting material sheet until stamping that used big press 
machine. Process duration for each part is 2.17 ± 0.12 seconds (before intervensi) and 1.96 ± 
0.09 seconds (after intervensi). Based on the statistical  test, there was a significant difference 
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on the time process (p value < 0,05). This was indicating that work activity that used 
modified push botton could decreased the time processing and improved operator’s work 
productivity up to 32,65% and the production result was improved up to 2,59%. The height 
surface of push button fits the height of hand when the operator stand up so that the arm 
position is straight to the push button. 
 These are the efforts to make the operators healthier, safer, more satisfy, effective and 
efficient so that they were more productive. It is in the relationship with the statementthat 
ergonomic application could increased work productivity and people health31. 
 
Time Efficiency 
 The study found that the reduction of manual time processing and efficiency of time 
processing  was 10.7%. The reduction of time processing was caused by changing the push 
button position and size where it is positioned at a flat surface which previously located in  
vertical surface behind the operator’s body that needs more time to reach. 
 With the processing time reduction, unnecessary movements were ommitted so that it 
was more efficient and effective and the time was shorter. An efficient and effective 
movement means that work is more productive, muscle complaints was decreased so that the 
operator’s life quality was also improved. According to previous researcher that improvement 
on productivity means improving efficiency of production process time32. 
 
Economic Analysis 
 This analysis was the practical way to measure project’s benefit by determining the 
ratio between profit and cost of a project33. The B/C ratio analysis found 1,527 (before 
intervensi) and 1,536 (after intervensi). Both of the treatments had B/C ratio value of more 
than 1 so that they were economically executable. After using the modified tool, B/C ratio 
was increased upto 0.58%. Company’s total income in the study was Rp 572.581.700,00 
(before intervensi) and Rp 587.158.900,00 (after intervensi) while company’s profit was Rp 
196.769.300,00 (before intervensi) and Rp 204.538.233,40 (after intervensi). Therefore, there 
was an increasing profit of up to 3,95%. The result of the study is confirms the previous 
studies of which mentioned that the improvement of working condition, working system 
improvement, working place redesign and the activity of lifting and loading caused profit and 
economic benefit escalation34,35,36,37. 
 
Research Novelty 
  Research novelty is the push button redesign that includes characteristics of: U-shape 
with inner length of 610 mm and outer length of 810 mm, outer width of 200 mm and inner 
width of 100 mm, thickness of 85 mm and the height was adjustable. The other improvement 
was the repositioning of emergency stop button to the right behind of push button while the 
push button was located just at the left and right side of operator’s body. The redesigning was 
followed by changing operator’s work position at dies shifting, work organization 
arrangement with active break and nutrition intake addition. 
 
CONCLUSIONS 
 Based on the results of the study, we conclude that total ergonomic intervention has 
improved work quality, work satisfaction, time efficiency, production and productivity, 
reduced processing time, and eventually increased the company’s profit. 
 
SUGGESTIONS 
 The current study on ergonomic intervention coupled with total  ergonomic approach 
should be broadened to include other variables such work environment. 
 10
 
ACKNOWLEDGMENT 
 My deepest thanks are due to the Director of Postgraduate Program of Ydayana 
University, the Promotor and Co-Promotors, program advisors and colleagues, for their moral 
and subtantial supports in the writing of this disertation; and also to the the Manager of PT 
ADM, the machine operators, employees and all related parties in the study without their 
assistance this study would not have been completed.  
 
REFERENCES 
1. Manuaba, A. 2005.  Ergonomi Dalam Industri, Cetakan Pertama, Penerbit UNUD Kampus 
Bukit Jimbaran, Denpasar. 
2. Manuaba, A.2005. Pendekatan Total Ergonomi Perlu Untuk Adanya Proses Produksi dan 
Produk Yang Manusiawi, Kompetitif dan Lestari. Makalah. Dipresentasikan pada 
Seminar Nasional 2005 Perancangan Produk “Collaborative Product Design” Jurusan 
Teknik Industri Atmajaya Yogyakarta, 16-17 Februari. Halaman 385-392 
 
3. Sukapto P. 2005. Peran Personalitas Dalam Membentuk Tim Yang Dinamis Dalam 
Pengembangan Produk Baru Yang Tepat Guna (Studi Kasus Di Industri Otomotif). 
Dalam: Isa Setiasyah Toha, Sritomo W., Benedictus E., Heri S., Desi K., Editor. 
Proceedings Kongres BKSTI dan Seminar Nasional Teknik Industri IV Palembang , 
24-25 Juni. 
4. Anonim.  2004.  Laba Bersih Astra Melonjak 44,6% Mencapai Rp. 2,6 trilliun Pada 
Semester Pertama 2004, Majalah Astra , Edisi 04 Juli-Agustus Tahun XXXIV, 
halaman 5-6. 
5. Anonim.  2006.  Daihatsu Fokus Produksi Mobil Compact, Harian Republika,  Rabu, 14 
Juni, halaman 14, kolom 9-10. 
6. Manuaba, A. 2003e. Organisasi Kerja, Ergonomi dan Produktivitas, Dalam: Nora Azmi, 
Lamto Widodo, Iveline Anne Marie, I Wayan Sukanta editor. Prosiding Seminar 
Nasional Ergonomi 2003 “Ergonomi dalam Desain Produk dan Sistem Kerja”. 
Jakarta, 9-10 April, halaman 1-8. 
7. Agustin, E., Tjitro, B., Prawira,Y.W. 2003. Perancangan Fasilitas Kerja yang Ergonomis 
Pada Departemen Produksi dan Departemen Pengerolan di CV. Jaya Plastindo Raya, 
Semarang. Dalam: Nora Azmi, dkk. editor. Prosiding Seminar Nasional Ergonomi 
2003 “Ergonomi dalam Desain Produk dan Sistem Kerja”. Jakarta, 9-10 April, 
halaman 175-181. 
8. Manuaba, A. 2003c. Penerapan Ergonomi Meningkatkan Produktivitas. Makalah. 
Denpasar: Bagian Ilmu Faal Fakultas Kedokteran Universitas Udayana. 
9. Djestawana, I G G, Tirtayasa K, Adiputra I N . 2002. Intervensi Ergonomics Pada Proses 
Manggur Mengurangi Beban Sistem Kardiovascular dan Keluhan Muskulosekeletal 
Perajin Gamelan Bali. Jurnal Ergonomi Imdonesia  (The Indonesian Journal Of  
Ergonomics), Vol.3 No. 2 Desember 2002,  halaman  59-66.   
10. Hartono, W. 2004. Hubungan Antara Sikap dan Posisi Kerja Anggota Tubuh Dengan 
UEWMSDs Pada Perajin Rotan di Perusahaan “X”. (tesis). Jakarta: Universitas  
Indonesia.   
11. Manuaba, A.2005e. Total Ergonomi di Semua Sistem Kerja Mutlak Perlu Demi 
Tercapainya Sistem Kerja yang Manusiawi dan Mutu Produk yang Mampu Bersaing.  
Dalam: Isa Setiasyah Toha, Sritomo W., Benedictus E., Heri S., Desi K., Editor. 
Proceedings Kongres BKSTI dan Seminar Nasional Teknik Industri IV Palembang , 
24-25 Juni. Halaman 16-24. 
12. Grandjean, E. 1993. Fitting The Task to The Man. London : Taylor & Francis. 
 11
13. Tayyari, F. And Smith, J.L. 1997. Occupational Ergonomics Principles and Applications. 
New York: Chapment & Hall. 
14. Manuaba, A. 1998b,  Ergonomi Menopang Efisiensi dan Keselamatan Kerja, Bunga 
Rampai Ergonomi. Denpasar: Program Studi Ergonomi-Fisiologi Kerja Universitas 
Udayana.  
15. Kroemer K.H.E, Grandjean E. 2000. Fitting The Task to The Human Fifth Edition A 
Textbook of Occupational Ergonomics. U.K. Taylor & Francis. 
16. Manuaba, A. 2003a. Aplikasi Ergonomi Dengan Pendekatan Holistik Perlu, Demi Hasil 
Yang Lebih Lestari Dan Mampu Bersaing. Makalah Temu Ilmiah dan Musyawarah 
Nasional Keselamatan dan Kesehatan Kerja Ergonomi. Hotel Sahid Jakarta. 
17. Manuaba,  A. 1998d. Pengetrapan Ergonomi dalam Rangka Peningkatan Usaha 
Pendidikan dan Pembangunan Masyarakat. Bunga Rampai Ergonomi. Denpasar : 
Program Studi Ergonomi-Fisiologi Kerja Universitas Udayana.    
18. Azwar, A. 2004. Tubuh Sehat Ideal Dari Segi Kesehatan. (cited 2009 January 21).  
Available from: URL: http://gizi.net/gayahidup/tubuh-ideal-sehat.pdf/htm. 
19. Almatsier, S. 2003. Prinsip Dasar Ilmu Gizi. Jakarta: Gramedia Pustaka Utama. 
20. Anonim, 2009b .BMI for Adult Centre for Disease Control and Preventiion.  
                   (cited  2009  Februari 23).  Available  from 
                   URL:http://www.cdc.gov/nccdphp/dnpa/bmi/-adult.html  
21. Kuswardhani, T., RA. 2006. Mengenal Hipertensi pada Lanjut Usia, Jurnal Penyakit 
Dalam Volume 7 Nomer 2 (cited 2009 Februari 8).  Available 
from:URL:http://ejournal.unud.ac.id/abstrak/penatalaksanaan%20hipertensi%20p
ada%20usia%20lanjut.pdf 
22. Anonim, 2009a. Apa itu tekanan darah? (cited 2009 Februari 23).  Available from: 
URL:http://forum.kompas.com/kesehatan/7729-apa-itu-tekanan-darah.html  
23. Surata, I.W. 2001. Penggunaan Roda Tangan Berhandel pada Alat Pres Parutan Kelapa 
Mengurangi Keluhan Sistem Muskuloskeletal dan Meningkatkan Produktivitas 
Kerja Pembuat Minyak Kelapa. . Jurnal Ergonomi Imdonesia  (The Indonesian 
Journal Of  Ergonomics), Vol.2 No. 2 Desember 2001,  halaman  54-62.   
24. Sutjana, D.P. dkk. 2005. Perbaikan Desain Cara Kerja Angkat dan Angkut Sesuai 
Antropometri Mengurangi Keluhan Muskuloskeletal, Beban Kerja dan Kelelahan 
pada Pekerja di Blahbatu, Gianyar, Bali.  Proceedings Seminar Nasional 
Perancangan Produk Collaborative Product Design Yogyakarta,  16-17 Februari 
2005, halaman 373-383.  
25. Purnomo, H. 2006. Process Of Ceramic Painting Using Total Approach Reduce 
Musculoskeletal Disorders And Work Boredom. In : Adiatmika and Putra, D.W. 
editors. Proceeding Ergo Future 2006 : International Symposium On Past, 
Present And Future Ergonomics, Occupational Safety and Health. 28 - 30th 
August. Denpasar : Department of Physiology Udayana University – School of 
Medicine. p. 187-190.  
26.  Christensen, E.H. 1991. Physiology Of Work. In: Parmeggiani, L Editor Encyclopedia Of 
Occupational Helath And Safety. Third (revised) Edition. Geneva : ILO. 
27. Wulanyani, N.M.S. 2003. Pemberian Istirahat Pendek Aktif dan Lagu Pop Bali 
Menurunkan Keluhan Otot Skeletal dan Kebosanan serta Meningkatkan 
Produktivitas Pelinting Kertas Rokok. Jurnal Ergonomi Imdonesia  (The 
Indonesian Journal Of  Ergonomics), Vol.4 No. 2 Desember 2003,  halaman 73-
77.   
28. Manuaba, A. 1998a. Penerapan Ergonomi Kesehatan Kerja di Rumah Tangga  Bunga 
Rampai Ergonomi. Denpasar: Program Studi Ergonomi-Fisiologi Kerja 
Universitas Udayana. halaman  38-48. 
 12
29. Suma’mur, P.K. 1982. Ergonomi untuk Produktivitas Kerja. Jakarta : Yayasan Swabhawa 
Karya. 
30. Manuaba, A. 1998b,  Ergonomi Menopang Efisiensi dan Keselamatan Kerja, Bunga 
Rampai Ergonomi. Denpasar: Program Studi Ergonomi-Fisiologi Kerja 
Universitas Udayana.  
31. Sutjana, D.P.,  2000. Penerapan Ergonomi Meningkatkan Produktivitas dan Kesehatan 
Masyarakat, Disampaikan pada Orasi Ilmiah Dalam Pengukuhan Guru Besar 
Tetap Dalam Bidang Fisiologi Kedokteran Pada Fakultas Kedokteran Universitas 
Udayana Tanggal 11 Nopember 2000. Denpasar: Universitas Udayana.  
32. Wignyosubroto, S. 2000. Ergonomi, Studi Gerak dan Waktu. Teknik Analisis untuk 
Peningkatan Produktivitas Kerja. EdisiPertama. Cetakan Kedua. Surabaya: Guna 
Widya. 
33. Pujawan, I.N. 1995. Ekonomi Teknik. PT Candimas Metropole, Jakarta  
34. Adiatmika, I P.G. 2007. Perbaikan Kondisi Kerja Dengan Pendekatan Total Menurunkan 
Keluhan Muskuloskeletal dan Kelelahan Serta Meningkatkan Produktivitas 
Perajin Pengecatan Kerajinan Logam di Kediri – Tabanan. Disertasi. Program 
Doktor Ilmu Kedokteran Program Pascasarjana Universitas Udayana, Denpasar. 
35. Purnomo, H. 2007b. Penerapan Ergononmi Total Dalam Upaya Menurunkan Risiko 
Cedera Di Tempat Kerja Pekerja Wanita Pada Industri Gerabah di Kasongan, 
Bantul Makalah pada Seminar Nasional Ergonomi dan K3 2007, Semarang 
36. Sajio, H. 2008. Redesain Tempat dan Sistem Kerja dengan Intervensi Ergonomi 
Meningkatkan Kinerja Tukang Giling Sigaret Kretek Tangan Pada  Industri 
Rokok “X” di Kediri, Jawa Timur. Disertasi. Program Doktor Ilmu Kedokteran 
Program Pascasarjana Universitas Udayana, Denpasar. 
37. Artayasa, I N., 2007. Pendekatan Ergonomi Total Meningkatkan Kualitas Hidup Pekerja 
Wanita Pengangkut Kelapa di Banjar Semaja Desa Antosari Tabanan Bali. 
Disertasi. Program Doktor Ilmu Kedokteran Program Pascasarjana Universitas 
Udayana, Denpasar. 
